Short Biography: While the debate surrounding the concept of engineering lifelong generic attributes continued, Debbie Messer, a lecturer and unit coordinator; Patricia Kelly, a doctor of philosophy candidate, Jocelyne Poirier, a liaison librarian and other professionals have working collaboratively within the Faculty of Built Environment and Engineering (Queensland University of Technology) to create new pathways that support the development of first year engineering literacies. Long term commitment, enthusiasm and hard work have lead to an improved engineering program that challenges both academics and students.
Introduction
This paper/presentation describes a teaching approach to engineering literacy, integrating technology and engineering communication literacy within the context of professional engineering. This teaching approach to engineering literacy is holistic and individual. It incorporates a wide variety of reading material; it challenges student thinking and requires personal reflection as well as communication from both a personal and technological understanding. In the context of engineering, literacy and technology are integral -as new technologies emerge, the literacy skills required to interpret and use this information and knowledge become more complex.
Literature
A recent revision of the US Information literacy standards defined information literacy as an understanding and set of abilities enabling individuals to recognise when information is needed and have the capacity to locate, evaluate, and use effectively the needed information. (Council of Australian University Librarians, 2001) . Similarly engineering literacy, for the purpose of this paper, is defined as an understanding and set of abilities enabling the professional engineer to recognise when and what information is needed, have the capacity to evaluate and more importantly to use the appropriate information, sustainably, ethically and professionally.
A more contemporary view of literacy is that it encompasses the ability to use spoken and written language for a range of purposes and in different contexts, such as the integrating speaking, listening and critical thinking with reading, viewing and writing across all subject areas. Professional Studies 1 (PS) aims to provide a framework for the individual to develop and mature into a truly informed and global professional engineer -one who is literate across a range of engineering contexts and aware of the various professional standards necessary to practice professional engineering. That is one who can recognise when and what information is needed and has the capacity to evaluate and act professionally.
Manzo offers an alternative perspective on literacy. He explores literacy in terms of reading comprehension which is defined as:
• Understanding the author's intended message (reading the lines) • Interpreting the message's meaning and implications (reading between the lines); and • Applying the message in meaningful ways (reading beyond the lines) (Manzo Anthony V. et al, 2005) .
For Manzo, the term literacy should 'speak' more to the breadth of education needed to function in modern life. Professional Studies students are offered this 'breadth of education; students are challenged to analyse, reflect, communicate, write, publicly speak and create (function in a professional engineering capacity). This teaching and learning environment is more likely to accommodate and develop individual students' rate of learning and understanding concepts as well as content which students commonly say they have not encountered before.
This 'content area literacy' approach is a reorientation that shifts the focus from reading as an isolated activity toward its role in overall communication and higherorder thinking. Add another dimension to this communication and thinking, the internet, and the need to read, analyse, interpret and respond to highly value laden information becomes intensified.
Information literacy is an aspect of literacy which engages the learner to locate, access, organise, manipulate and present information in a variety of formats. Engineering literacy is an aspect of literacy which engages the student to understand themselves as professionals of the future, to understand their world and others, (essentially to locate themselves in relation to engineering culture); it emphasises the need to access, organise, manipulate and present information having filtered that information for environmental sustainability, social and ethical responsibility. Each of these activities requires the ability to determine the most appropriate approach for a particular need. Through out their professional life, work and studies, engineering professionals will be faced with difficult and problematic ethical and environmental choices. The PS approach to literacy is essential for the professional engineer and their lifelong learning.
This discussion focuses on the rationale and objectives behind the development of the Professional Studies 1 Unit, the content, teaching and learning strategies, networks formed, problems encountered and the solutions explored. Professional Studies 1 is designed on the basic principles of effective reading skills, communication skills including listening skills, public speaking, plain English writing, valuing diversity, quality and flexibility and awareness of the complexity of cultural and global systems or norms.
Justification
The world in which we were raised or live significantly influences how we 'make sense' of our world and the need to work together as one large global community is becoming essential for continued existence. Ultimately 'making sense' of our world, or becoming engineering literate, is the focus of the Professional Studies 1 unit. The unit explores a broad range of learning outcomes that enable students to demonstrate learning in knowledge, understanding, values and attitudes in a range of modes. A team project encourages personal development in communication including technological literacy through a flexible platform (e-learning) and cultural understandings. Moreover, the teaching team work closely together and role model positive professionalism and industry expectations.
Issues
Effective communication is a continuing challenge for Australian engineers and managers due to increased expectations in the profession, the multicultural nature of Australia's work-force and the increased globalisation of business. At its November 1997 Council meeting, the Institution of Engineers Australia (IEAust) approved a Policy on the Accreditation of Professional Engineering Courses [1] . The document states that through the process of accreditation of university education, the IEAust will "ensure that graduates from an accredited course are adequately prepared to enter and to continue the practice of engineering."
QUT Policy on generic attributes states graduates should have "the ability to communicate effectively, not only with engineers but also with the community at large; and an understanding of the social, cultural, global, business and environmental responsibilities of the professional engineer, and the need for and principles of sustainable development". "Educating Engineers and Architects without including the implications of their work on the natural environment, is like teaching new soldiers to fire rifles without warning them that bullets hurt" (Lowe, 1997) .
Encouraging first year engineering students to read material is particularly problematic. The PS unit information booklet for example, offers all the information students require to successfully demonstrate learning in all content areas but students rarely read this most basic document. Reading material is a large component of Professional Studies 1 and it is this requirement that appears to frustrate students. It is this resistance that has led to the design of Professional Studies with a focus on engineering literacy.
The learning in this unit is regarded by many (students as well as staff) as 'fluffy', impractical knowledge and because it is not mathematical or purely theoretical it is devalued. However, it has been noted that among the majority of students' cohort, intrapersonal and interpersonal skills communication skills are largely immature and underdeveloped. Consequently the technical skills learned (or technical/engineering literacy) in other areas are perhaps not being optimised due to students' underdeveloped written and communication skills. All writing and communication in this unit is encouraged to be in the context of the engineering environment -the writing is individual and flexible and can be as technical as the student chooses to be. In fact, 'Resisters' are only ever 10-11% of any cohort. The overwhelming majority are 'Accepters' or 'Converts', who say they thought it would be irrelevant at the beginning but are convinced by the end of semester that it was worthwhile and useful.
The student cohort is very diverse, socially, culturally and economically. The unit comprises several categories of students (mature, school leavers, Australians for whom English is a second or other language (ESL), international students and very few women attending both full time and part time). Consequently there are several levels of reading comprehension. Up to 20% are English second language students either domestic or international, 92% are male and around 15% are mature students. Some students have basic decoding (language) problems while others have fairly serious comprehension problems and many need assistance in acquiring the comprehension strategies to be in a position to firstly understand readings, then respond or reflect on readings.
Another major issue is English language related. While many ESL students face extra challenges when studying any discipline -simultaneously learning the mechanics of English as well as ways to use language appropriately according to the discipline and cultural context, many students from English speaking backgrounds say that they did Engineering in order "to avoid having to write anything".
The class is large -in years past there have been over 400 students enrolled in the unit. Tutorials are kept to a maximum of 30 students but this is hardly a small group with such a diverse cohort. These tutorials would be structured differently if there were more resources available. A large part of the unit content is accessible online for flexibility and as an alternative to the large class. However, students must physically attend all tutorials in order to optimise and demonstrate learning. The online option does offer students and particularly ESL students the opportunity to access and learn a part of the unit by working at their own pace and being able to seek individual help when they need it in a less threatening environment than a group.
Unit Development Professional Studies 1 (PS) was developed to respond to graduates' needs in becoming context or content area and professionally literate, to develop effective engineering literacy skills and be effective communicators in order to succeed in both domestic and international markets. Professional Studies 1 is a core first year unit for the all professional engineering degrees at the Queensland University of Technology (QUT).
Each year, a multi-disciplinary team (the PS team) has been evaluating the curriculum after delivery of the unit since it was first offered in 1995. This team comprises staff who are passionate about literacy, learning, sustainability, ethical and professional standards, interested in communication and particularly cross cultural communication. PS is designed to assist the student develop and understand that technical, behavioural and legislative frameworks develop within a cultural context and that an understanding of this context is essential for effective engineering practice.
The unit aims to introduce the technologies and philosophies shared by the profession but equally importantly the social and ethical aspects of professional practice, in order to specifically:
• Introduce students to the concept of professionalism and professional practice; • Introduce students to a range of core components of professional practiceprofessional ethics, environmental sustainability, socially responsible engineering design, personal and interpersonal, cross-cultural written, oral and graphic communication skills and generic computing skills; • Provide students with opportunities to apply understanding to case study scenarios; • Develop early experiences with problem based learning; and • Provide opportunities for students to meet with students in other professionally based courses.
On completing this unit, students should:
• Be 'literate' in engineering professional practice, and more specifically in the concepts of professionalism, professional ethics, environmental sustainability, socially responsible engineering design and globalisation; • Consolidate and extend creative thinking, problem formulation and solution as well as generic attributes.
• Develop the personal and professional qualities needed by sustainability professionals in the 21st century (Raskin et al, 2002) The PS team has designed an integrated approach to the development of intrapersonal, interpersonal and communication skills. The unit is on a continuous improvement cycle using feedback from staff and students. The PS team has identified important connections between the development of the individual as a professional in the context of professional scenarios. A large portion of the content is in case study format and students are asked to place themselves in particular scenarios and write about their feelings and experiences in an attempt to prepare them for real world situations and circumstances.
The difficulty in delivering Professional Studies is that students in the process of evaluating relevant learning turn their attention away from skills they believe they already have and yet when work is assessed the majority of the cohort are found lacking.
PS is modelled on Manzo's Interactive (Intervention) model of the learning process:
• The learner is immersed in an environment in which the complex learning goal can be seen and heard (modelled) • Through observation, learners decide which elements of the learning goal are valued (relevant) and worth sustained attention • The learner tries out, adjusts and refines the new behaviours, guided by selfevaluation and the perceived expectations and supportive feedback of others • The learner's attention is directed to the smaller elements essential to the larger learning goal • The learner is involved in structured experience that provides focused practice on strategies for reaching the larger learning goal.
Interactive (intervention) models of the learning process (Manzo et al. 2005 ).
The tutorial sessions are designed to enable learners to have the opportunity to try out, adjust and refine new behaviours with a particular focus on the smaller elements (or modules) essential to the larger learning goal. The PS teaching team is also aware of the importance of sustained attention to these skills throughout the course (professional skills are highly specialised, take years to master and should be reevaluated forever). However (unfortunately), there is no sustained follow-up in most of the engineering areas.
Approach to Curriculum
The core generic skills covered in each of the learning modules presented in Professional Studies 1 are aimed at developing the individual to become literate or more informed and global in their approach to design and practice as a professional who will need to communicate, graphically aurally and textually. The unit is modularised into Professional Practice, Communication, Computing and Graphics all of which encourage students to communicate research, organise, solve and present.
The Professional Studies unit has focussed on a different 'theme' each year which parallels that of the United Nations. In 2005 it is the United Nations 'International Year of Sport and Physical Education'. In 2004 it was the International Year of Rice. By building this theme into the curriculum students are encouraged to explore global social practices, how and why they exist or existed and what these practices reflect about class, gender and social equity, which then encourages personal reflection on these values. The unit also encourages students to expand their knowledge of global civilisations by researching, analysing and comparing sources to reach an understanding of the way that society 'engineers' their quality of life. This "substantive knowledge" of cultures is one of five aspects of global competence identified by Wilson (1995) .
The PS unit is divided into 4 coordinated modules. Module 1 Professional Practice introduces students to the nature and scope of engineering and the role of engineers in Australian society in the past present and future. It covers at a basic level the engineering design process, and the management and evaluation of a project. This structure enables learners to engage critically with content and extend their understanding, become more self directed and assume greater control over their own learning. Students' skills in logical thinking and critical reflection are also developed. Sustainable development and professional ethics are thematic through students' thinking and reflection.
Students are expected to be actively involved in their own learning, in lectures and tutorials and developing the group project. All students are provided with a workbook and set of readings which have been specifically developed for these outcomes. Students have a great deal of flexibility in specifically how and what they choose to learn. The PS team is interested in the process of learning in this unit. The 1994 Australian National Board of Employment, Education and Training report Developing lifelong learners through undergraduate education notes that 'learning to learn' is a major concern of all educational sectors and that It involves the higher order skills of analysis, synthesis and evaluation, the ability to think critically, to construct meaning and reconstruct understanding in the light of new learning experiences. Courses were reflective practice is central inevitably help students develop into independent learners much more readily than those whose focus is on the acquisition of a large body of knowledge (Candy, P, Crebert, G. & O' Leary, J., 1994) Assessment in the unit is continuous through the semester via written reflective journals, tutorial assessment including class presentations (individual and group), electronic assessment, drawings and a group project (maximum 5 students).
The group project is entirely self-directed in scope, content, time and focus. The only criterion which must be observed is that the project must be in the spirit of the UN International Year of. The PS unit comprises a sequence of learning experiences that culminates in this group project (or research) task. The learning experiences are designed to encourage cooperative (and team) learning opportunities. Students are encouraged to support and learn from each other through the project and during the final assessment. This offers students the opportunity to become more responsible for their own learning, and encourages acknowledging, respecting and understanding of the prior knowledge each student brings to the project. Tutors facilitate this learning during tutorial sessions.
The term engineering literacy is used to highlight the focus of intent in this PS unit, i.e. students are expected to develop reading and research skills by reading and skim reading, scanning for specific information, vocabulary building, understanding purpose of text, understanding organisation of information reading for detail note taking and summarising all within a professional engineering context. Through the semester students practise and demonstrate various text based activities such as reflective journal entries, recount writing, discussion writing, exposition, explanation, general, descriptive and information report writing which culminates in the team project report. The reflective journal process builds in formative feedback early in the process, through a Peer Interview and formative assessment in which the journals are submitted for comment to the markers. This support is critical to the success of journaling.
The PS unit is founded on the principles of inclusivity. Social and environmental concerns, implications and manifestations are addressed as well as contributions made to engineering, technology in other cultures and by women are acknowledged. Within a problem based learning (PBL) framework, the PS unit provides opportunities for student to explore a range of social, cultural, environmental and ethical perspectives to complex engineering problems. It overtly values and rewards diverse contributions. PS is designed to introduce engineering students to the highly specialised literacy of the engineering profession and develop a rudimentary engineering literacy that can apply to a wide range of professions.
The Structure of the Unit Professional Practice (PP) module The PP module develops students' management skills and uses a variety of teaching and learning assessment practices. The content covered includes Problem Formulation and Critical Thinking (including mind mapping), Cultural Sensitivities and International Responsibility, Project Management (including time management and planning), Environmental Principles and Sustainability, Socially Responsible Technology, Professional Ethics, Globalisation, Professionalism and History and Heritage.
Learning is developed and assessed by written reflective journal entries. Students are required to read short articles which relate to the professional practice lecture content and are requested to write a personal professional reflection on the topic including their responses to the lectures, tutorials and the reading. An initial template and later focussing questions are provided to offer "scaffolding" for students who find writing difficult for whatever reason (Kelly, 2004a) .
On completion of this module, students are expected to be able to respond to and analyse a variety of problems at a basic level (for example, scientific, social, ethical, environmental, and personal), to select or create solutions to problems, implement solutions as well as identifying personal values. At a deeper level, we have found that they develop a greater awareness of the personal values of other individuals, understand how those personal values are developed, and analyse the implications of decisions made on the basis of personally held values. For some students, this marks a transformation in their thinking and leads to profound changes in their understanding of what it means to be a responsible engineer, not just to themselves but to communities and subsequently raising awareness of their potential impact on the planet (Kelly, 2004a) .
Communication Tutorials
The Communication module covers basic intercultural communication skills, communication, e-communication, negotiation and conflict management, engineering writing, teamwork, entrepreneurship, creativity and innovation, oral presentations, resumes and interviews. Students attend a 1 hour communication tutorial each week to debate, role play, practise and develop skills in these areas.
Each tutorial session is intended to be a learning activity. It is tutor directed and encourages whole-class participation. The focus of this time is to further explore the content presented in the communication lecture: literacy concepts which offer scaffolding for learning. Firstly, group work (team work) follows the learning activity. Secondly, students break into teams and complete certain learning activities. Thirdly, reflection follows the team activities. And lastly, students rejoin as a group and discuss their learning.
The detailed objectives for this module focus on students' ability to send and receive information in a variety of modes (written, graphic, oral, numeric and symbolic), within a variety of settings (one-to-one, in small and large groups) and for a variety of purposes (for example to inform, to understand, to persuade and to analyse).
Computing module This module was designed for students' wide range of computing skills, including complete beginners. Its flexible structure responds to students' needs as they develop and concentrate on developing the basic computer skills needed by engineering students. It is practical, hands-on and covers skills such as word processing, spreadsheets, databases, MSPowerpoint, email and web browsers. It is in this module and in the earlier weeks of the semester that the information literacy content is delivered. A teaching librarian for the Faculty of Built Environment and Engineering presents two one-hour lectures and ten tutorials in which the students are introduced to general information literacy concepts and specific information retrieval skills. The first lecture is intended to challenge students. The students are required to think about what information literacy entails and includes in terms of experience in the 21st century. The students are asked to discuss and share the different ways they experience information literacy and relate them to Christine Bruce's seven conceptions (1997): Information Technology; Information Sources; Information Process; Information Control; Knowledge Construction; Knowledge Extension and Wisdom. It is hoped that the students will start to reflect on their information literacy experiences in relation to different information seeking situations. The second lecture is designed to show students how the four conceptions of information literacy (Information Technology, Information Sources, Information Process and Information Control) are intricately linked and how information seeking skills enhance the relevance and the quality of the information retrieved. During this lecture the students learn how to formulate information search strategies so critical to the appropriate use of information systems. The series of ten tutorials enable all students to participate at least in one of the sessions and practice on their information seeking skills. Each session is supported by a teaching librarian and/or reference librarian and by one to two additional tutors. The tutors are drawn from the current final year cohort who, as part of their undergraduate thesis requirement, brilliantly completed their information retrieval skills assessment. During these hands-on sessions, attention is paid to each individual. It is important that each student leaves the tutorial with at least some sources, in order to get the group started in their project brainstorming phase. Tutors monitor very carefully the students' attendance. United Nations 'Year of…' resources are placed in a closed access area to ensure equitable and secure use of the information. Further support is made available at the Library Information Desk. Since 2001, in the Faculty of Built Environment and Engineering, 'Pilot: Your Information Navigator' was adopted as the information literacy assessment for first year students. The students ought to complete all nine modules at their own pace and submit their 'Pilot Certificate' at tutorial time, before the end of Week 5 and to their specific tutor. Although the online tutorial has been well accepted by students and teaching staff since its creation in 1999, it needs revision. The traceability of the students' journey through the tutorial, the interactivity of the learning activities and the content itself such as the multidisciplinary vs. specific components must be considered. As much as possible, the pedagogical, theoretical and best practice aspects are addressed and when changes are made, it is in accordance with the second edition of the 2001 'Information Literacy Standards'. On completion of 'Pilot', students may submit an online evaluation questionnaire which allows students to perform anonymous feedback. The university online assessment system is under revision to further consolidate the university curriculum alignment approach.
Graphics module Material in this module covers visualisation and drawing, by hand and using computer-aided software -Solidworks and/or AutoCAD. No assumptions are made regarding students' prior knowledge. Complete beginners are catered for, while at the same time the activities undertaken are sufficiently varied to challenge students who have prior computer-aided software and graphics experience. Assessment comprises students working either individually or in pairs to concentrate on assembly and structural drawings of their own choice but again relating to the project theme.
The Group Project Students are required to solve 1 of 5 problems presented based around the 'UN International Year of'. There is no right or wrong answers -simply different perspectives on possible solutions. There is opportunity for creativity, innovation, flexibility, entrepreneurship, leadership and hopefully fun. Students are requested to research the problem, devise and write the solution into a report format. Students are given very strict criteria on the number of words, format, style and structure.
Student groups present their findings in communication tutorials in the final weeks of semester. These group presentations are peer assessed, evaluated and moderated by industry representatives. The industry representatives are an opportunity to showcase student performance. If appropriate opportunities are available, group project reports may contain a portfolio of documents that chronicle the development of group project from beginning to end. These documents vary greatly in levels of formality and quality of presentation.
The unit is designed to be responsive to students' needs. All modules are selfdirected.
There is no formal (central) examination. Students are assessed individually across 4 areas: reflective writing, communication tutorials, computing on-line and graphics assignment and the group project enables students to demonstrate group skills through research, oral presentation and report writing. Staff are marginally flexible with due dates and willing to grant extra time if necessary. These allowances are granted to respond to negative group dynamics or circumstances which are considered to be out of student control. Staff are also aware of student's language needs and offer assistance with problems particularly online (Kelly 1994c) . Effective online support depends on funding for staff, which is not always available, however it is extremely cost-effective. In the year in which funding was available for this work the percentage of students who 'Did Not Complete' (DNC) fell from a high of 27% in 2002, to a low 3%. The previous average DNC rate was around 10%.
Teaching methods combine lectures of 4 hours per week (1 each in Professional Practice, Communication, Computing and Graphics) followed by 3 hours of tutorials/laboratories (maximum of 25 students per tutorial group) with use of multimedia such as video, CD-ROM, computer software packages and electronic communication.
Student feedback on the PS unit is positive from students who do well and disappointingly scathing from those who do not. The average performance of students in this PS unit is higher than other units as students are given a number of opportunities to demonstrate learning in a flexible and supportive teaching and learning environment (Kelly 2004b) . Generally speaking, the students who do not perform well have chosen not to take the unit seriously and do not complete the required assessment work. Since the unit is compulsory, they have to repeat it and several of these have used their own example in on-line discussion to encourage others to take it seriously.
Online option
This unit assists students to examine the visual literacy demands of electronic texts. It provides a series of downloadable resources to assist with the planning and production of reflective diary writing and the team project report. Various links offer additional supportive material.
There is an online notice board, a discussion group and online feedback facility. Students receive timely responses to their questions and comments in the discussion group by dedicated staff committed to making the space a safe, respectful and supportive one. The study guide, lecture notes and tutorial exercises are available via the internet as well as in hard copy. Conclusion
The PS team seeks to promote critical engineering literacy as well as being more rigid, rational, practical and more about engineering principles. However, PS is based in critical discourse. The articles are chosen to challenge students to read, think and reflect on personal growth, ethics, cultural issues, the environment, and globalisation among other important topics.
Defining literacy is problematic and varied. Leftist theorists believe that literacy involves much more than the ability to read and write; being literate means being able to participate actively and positively in society (any society). As educators we should strive to support critical literacy by serving as 'transformative intellectuals' who make "the pedagogical more political and the political more pedagogical". Barnett (1997 ), citing Ranson, (1994 warns that while we are a "changing society", "we are not yet a learning society" and the missing dimension is "social wisdom". The affective and transformative dimensions of the unit, particularly the element of Reflective Journals, are the topic of doctoral research by one of the staff who has been part of the unit since its inception (Kelly, 2004a) . Literacy research is influencing a variety of knowledge areas for example: visual literacy, legal literacy, information literacy and content area literacy, environmental literacy and engineering literacy. Communication, understanding and a spirit of improved teaching and learning outcomes, are at the heart of this literacy focus and are intended to prepare graduates for our increasingly complex world.
